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KINOCK-LIMITED PERFORMANCE OF BLENDS (' AN-F-28 FUEL
CONTAINING 4 PERCENT ALIPHAE[‘Id AMINES
By Leonard X, Tower

- INTRODUCTION

Teats conducted by the NACA and other laboratorles have shown
that several of the arcmatic amines are of interest as aviation-fuel:
additives for Improving knock-limited power. Although aliphatic
emines have in the past appeared to be less effective than aromatioe
anines as antiknock compounds (reference 1), recent investigations
of the knock-limited performance of intermal coolants have indicated
that the use of certaln aliphatic amines in water solutions as in-
ternal coolants resulted in extremely high knock-limited power., The
antiknock effectivensss of scme of the aliphatic amlnes when mixed
elther directly with the fuel or in water solutions as intermnal
coolants 1s therefore being investigated at the Cleveland laboratory
of the NACA,

The present paper reports knock-limited performence data on fuel
blends contelning 96 percent by volume of AN-F-28, Amendment-2, fuel
and 4 percent by volume of each of the following allphatlc amines:
diethylamine, triethylamine, butylemine, isobutylamine, diisopropyl-
amine, and sec-butylamine, The data were obtalned during the summer
of 1944,

APPARATUS AND TEST PROCEDURE

The tests were conducted with a high-speed, supercharged

CFR engine coupled to a 100-horsspower, direct-ocurrent, cradle-type,
dynamometer. The engine was equipped with an aluminum plston, a
sodium-cooled exhaust valve, two independent fuel systems, and a
four-hole cylinder equipped with dual ignition. EKnock was detected
by a magnetostriction pickup unit in conjunction with a cathode-ray
oscllloscope. Champion RJ-2 spark plugs were used throughout the
tests. The engine operating conditlons were as follows:
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Engine speed, DM . « - « &+ « s « ¢ ¢ o o o v s o o . « « 2500
Inlet-air temperature, OF . . . . . . ¢ ¢« ¢« ¢ 4 ¢ ¢« v =« « o . 250
Coolant temperature, OF . . + « o + « v + « o « ¢« « o« o o « » 250
Compression ratio . . . c 1 e v s e s s s e e s e e s . 7.0
Spark advance, degrees B.T.C. . . . . . ¢
Inlet-oil temperature, ®F . . . . . .+ ¢« « ¢« + ¢ « « « ¢« « 4 . 150

The amines, as purchased, were estimated to be 98 vercent pure
and were added to the base steosk without further treatment. The
final blend of amine und hame stock was leaded to 4.6 ml TEL mer
gellon.

RESULTS AND DISCUSSION

Flgure 1 presents the curves of knock-limited performance for
the six aliphatic amines hlended with AN-F-26, Amendment-2, fuel and
for the base fuel alone. EKech part of figure 1 (that is, figs. 1l(a),
1(b), and 1(c)) presents dute taken on a single day. The discrep-
ancies between the three base-fuel curves thereforc indicate the
dally variast‘ons 1n the kmock-limited englne performence. No slgni-
flcance was attributed t¢ differences in the indlcated specific fuel
congsumptions of the blends and the tase fuel. A comparison of the
knock-limited Indiceted mean effective pressures afforded by each of
the aliphatlc amines relative to that of AN-F-26, Amendment-2, fuel
is preosented in table I.

Of the six amines testcd, Isobutylamine gave the highest knock-
limited performence at fuel-sir ratios above about 0.03. At a fuel-
alr ratio of 0.115, a 4-percent addition cf this ccmwound to the dbase
fuel resulted in an imprnvement of about 10 psrcent in the knock-
limited indicated mean offective pressure. PBescause of insuffliclent
materizl, no data points were recorded at fuel-eir ratios below ©.07.
Bec-Butylemine caused some improvements 1n the knock-limited perform-
ance of the base fuel over the normal range of fuel-elr ratios. Both
dlethylamine and diisopropylamine promoted knock except in the very
rich-mixture region; butylamine and trlethylamine acted as proknock.
agents at all fuel-air ratlios tested.

Alrcraft Ergine Research Labcratory,
Nationel Advisory Committee for Asronautics,
Cleveland, Ohio. :
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Detonation in Engines.
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TABLE I - SUMMARY OF ANTIKNOCK EFFECTIVENESS OF ALIPHATIC-AMINE

ADDITTONS TO AN-F-28, AMENIMENT-Z2, FUEL

Aliphatic amime |ypo. o0y 12°P(aliphatic emine + AN-F-28 fuel)
(4-percent addition imep(AN-F-ZS fuel)

to AN-F-28 fuel)&

F/A = 0.062 | F/A = 0.070 | F/A = 0.090 | F/A = 0.110

Diethylamine 0.97 0.95 0.96 1.03
Triethylamine .86 .87 .90 .98
Butylamine .98 .97 .54 1.00
Iscbutylamine | -=-=ce-=-- 1.05 1.03 1.09
Diisopropylemine .94 .93 .93 .98
sec-Butylamine 1.02 1.08 l1.01 1.02

8Final blend leaded to 4.6 ml TEL/gal.

National Advisory Commlttee
for Aeronautics
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a) Diethylamine and triethylamine.

E(‘léure 1.y— The effect of t{xe addition of U percent aliphatic amines to AR-F-28, Anegdnent-z
fuel on the knock-limited performance of a CFR engine, Inlet-air temperature, 250 F;
coolant temperature, 250° F; spark advance, 30° B.T.S.; englne speed, 2500 rpm; compression
ratlo, 7.0; inlet-oil temperature, 150° F.
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